This was associated with a large and continuous increase of cardiac sympathetic discharge to the heart. It is concluded that in systemic hypoxia both sympathetic and parasympathetic discharge to the heart is enhanced.
T HE EARLY STUDIES of Bronk et al. (I) demonstrated
that cardiac sympathetic discharge is frequently rhythmic with the heartbeat, and concluded that this impulse grouping was the result of afferent activity from the baroreceptors causing central inhibition with each systole. They also observed that cardiac sympathetic discharge was increased by asphyxia and decreased by hyperventilation.
Alexander (2) In other preparations a mechanical system was utilized to perfuse the isolated carotid region (Fig. 2) . This was composed of two reservoirs of heparinized cat blood, one containing hypoxic blood and the other well-oxygenated blood. The pressure within the reservoirs was increased to the desired level by air pressure.
By appropriate manipulation of stop cocks, blood from either reservoir could be introduced to the carotid sinus. A pulsatile pressure wave was generated by mechanical compression of a soft segment of tubing leading from the reservoir system to the inflow cannula (8). The discharge activity of this nerve will be referred tc _-1 RS the cardiac sympathetic discharge.
RESULTS
Spontaneous cardiac sympathetic discharge patterns. In the five intact animal preparations the discharge patterns demonstrated rhythmicity both with the heartbeat and with respiration (Fig. 3A) . After each heartbeat the discharge intensity decreased and was usually followed by a brief period of complete inhibition. After bilateral carotid sinus denervation and vagotomy the discharge pattern was altered such that the grouping of impulses was random and occurred with no temporal relation to the heartbeat (Fig. 3B) . Before denervation, superimposed on the cardiac rhythm there was a secondary resporatory rhythm which showed maximal inhibition during the inspiratory phase (Fig. 3A) . The inhibition occurring during lung inflation was usually not complete and the cardiac rhythmicity continued throughout the respiratory cycle; the extent of inhibition was dependent on the degree of lung inflation.
The respiratory inhibitory rhythm was also abolished by bilateral vagotomy and carotid sinus denervation (Fig. gB) , or by bilateral vagotomy alone. In experiments in which the vagi were cut but the carotid innervation left intact only severe overinflation accompanied by wide swings in arterial pressure could still produce a respiratory rhythm. Baroreceptor inJ'uence on cardiac sympathetic discharge. After section of the vagi and right carotid sinus nerve, in preparations in which the vascularly isolated left carotid sinus was perfused from a donor cat, it was possible to establish a vascular rhythm of discharge in the sympathetics of the recipient.
This rhythmic inhibition was in phase with the cardiac pulse of the donor but not with the heartbeat of the recipient. The rhythmic inhibition was best accomplished by using a high pressure in the isolated sinus, presumably because only one intact barosensory system was being utilized.
Lowering the pressure in the perfused sinus caused an increase of discharge activity. Raising the endosinus pressure rapidly caused complete inhibition in all preparations (Fig. 4) . In preparations with carotid sinus denervation but with the vagi intact, raising the systemic blood pressure rapidly by the intravenous infusion of 5 ml normal saline, IO pg epinephrine, or I /*g angiotensin II caused temporary complete inhibition of all discharge activity. This was abolished by vagotomy.
With the vagi intact, if the blood pressure was maintained at a higher level, as after blood infusion or continuous angiotensin II infusion, the discharge was reduced as long as the arterial pressure remained elevated (Fig. 5A) . No alteration of discharge was observed with continuous angiotensin II infusion after vagotomy (Fig. 5B) . Influence of chemoreceptors in regulation of cardiac sympathetic discharge. In three reactive preparations hypoxic blood was introduced into the isolated left carotid sinus after denervation of the contralateral sinus and bilateral cervical vagotomy.
The carotid-body reflex was active in these preparations as manifested by an increased respiratory effort with the introduction of the hypoxic blood into the sinus. Little alteration of cardiac sympathetic discharge was discernible when hypoxic blood was introduced into the sinus in these preparations. As shown in Fig. 6 , raising the pressure in the sinus from 35 to 130 mm Hg reduced the cardiac sympathetic discharge, but the discharge intensity showed little difference with either hypoxic or saturated blood in the sinus at either pressure level.
In contrast with the failure to demonstrate significant chemoreceptor influence on the heart, it was consistently observed that the systemic arterial pressure changes in response to alterations of carotid sinus pressure were greatly enhanced by the presence of hypoxic blood in the sinus. As illustrated in Fig. 6 , the presence of hypoxic blood in the isolated sinus caused a greater rise of arterial pressure when the sinus pressure was lowered (A), and a greater fall of arterial pressure when the sinus pressure was returned (B) than did equivalent changes with saturated blood in the sinus (C and D).
E$ct of systemic hypoxia on cardiac sympathetic discharge. The administration of 5 % 02 to the intact preparation repeatedly caused a moderate to marked increase in dis- FIG. 9 . Heart rate response to atropine during systemic hypoxia. A: room air in respirator, heart rate = 198; B: 5% 02 in respirator for I IO set, heart rate = 161, signal mark indicates charge activity in each of the five animals in which this was done. This was nearly always accompanied by a large rise in blood pressure and a widening of the pulse pressure. In spite of the rise in arterial pressure the cardiac sympathetic discharge was increased (Fig. 7) . After 1-2 min of 5% 0% the arterial pressure sometimes fell to initial levels or below, but the discharge continued at its increased level. With IO% 02, only a modest increase of discharge was evident and the blood pressure remained moderately elevated. Soon after the animal was changed from low 02 mixtures to breathing room air a considerable reduction of discharge occurred. This was usually less than the initial intensity on room air with complete inhibition in some animals, but returned to control levels within 2 min or less.
In preparations in which bilateral carotid denervation had been done but the vagi were intact, systemic hypoxia with 5 % 02 produced an increased discharge and the pulratile inhibition was either diminished or abolished (Fig. 8A, B) . After bilateral vagotomy there was an undiminished increase of the sympathetic discharge with hypoxia (Fig. 8C, D) . With less severe hypoxia (IO % 02) a modest increase in discharge was occasionally seen after vagotomy.
A reduction of sympathetic discharge was never observed with either 5 or IO % 02 mixtures.
In three intact preparations the administration of 5 % 02 for several minutes repeatedly produced a substantial reduction in heart rate, whereas the cardiac sympathetic discharge remained greatly increased. In two of these preparations 0.4 mg atropine was given intravenously during such an episode of bradycardia.
This was associated with a prompt increase of heart rate. For example, in one experiment (Fig. g ) the heart rate was I g8/min on room air (A). After 3 min of being respired with 5 % 02, the rate had slowed to 161 (B), even though the discharge was increased.
Atropine, 0.4 mg, was administered intravenously and after 30 set the rate increased to 218/min (C). Subsequent episodes of hypoxia produced C: 5% 02 continued in heart rate = 218. intravenous injection of 0.4 mg atropine; respirator, 30 set after atropine injection, only tachycardia, during which time the cardiac symgathetic discharge was also increased. , *
Injuence of systemic hypercapnia on cardiac sympathetic discharge. The administration of IO % CO2 (in 20 % 02, 70 % Nz) produced a moderate or marked increase in discharge intensity in both the intact and deafferented preparations (Fig. IO) when respiration was controlled with decamethonium and artificial ventilation.
If the animal were permitted to respond with hyperpnea, inhibition during inspiration was enhanced in those with intact vagi. Five per cent CO2 (in 20 % OS, 75 % Nz) failed to significantly alter the discharge intensity in either preparation.
In order to investigate the possibility of response potentiation, a gas mixture containing 5 % 02 and 5% CO2 (in nitrogen) was compared with 5% 02 (in nitrogen), also with 5 % CO2 (in 20% 02, 75% Nz). The usual intense response was observed to 5% 02. No response to 5 % CO2 was seen. The combination of gases produced a response not readily differentiated from 5 % 02 alone.
DISCUSSION
These investigations indicate that the baroreceptor reflexes have a major role in the regulation of sympathetic discharge to the heart. The peripheral chemoreceptor reflexes, on the other hand, have little influence. This study and the prior observations of Alexander (2) show that the gas composition of the blood perfusing the central nervous system may greatly influence the level of cardiac sympathetic discharge. It is also apparent from these and other studies (4) that there is a functional dichotomy between those areas which influence the sympathetic discharge to the heart and that to the periphery. Whereas carotid-body hypoxia increases sympathetic activity to the periphery (IO, I I), there is either no effect or a decrease of svmDathetic dischame to the heart. 
